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According to [1, 2], mica schists of the Korva Tun-
dra Group (~1.91 Ga [3, 4]) of the Tana Belt were bur-
ied at the middle crustal level and later exhumed simul-
taneously with granulites of the Lapland Complex
(~1.91 Ga [5]). The Kandalaksha Group (KG) is com-
posed of higher-temperature rocks [1, 6], but their geo-
dynamic evolution is similar to that of the Korva Tundra
Group [2]. Since the KG rocks have not been previ-
ously dated in this area, their synchronous metamor-
phism with Lapland granulites has not been proved. To
solve this problem, metamorphic 
 
PT
 
 conditions and U–
Pb zircon ages were determined for two KG samples
taken in the Pados–Yavr interfluve. The results are pre-
sented in this work.
The hypersthene–biotite plagiogneiss (sample Pal-9)
is a fine- to medium-grained light gray blastomylonitic
rock with biotite schistosity and vague quartz–plagio-
clase gneissosity. This appearance is related to uneven
distribution of melanocratic and leucocratic minerals.
The schistosity defined by the preferred orientation of
biotite coincides with banding. The texture is lepi-
dogranoblastic. Major rock-forming minerals (Qtz and
Pl) in equal proportions compose from 50 to 80% of
rock. The Bt content varies within 30–40% in the mel-
anocratic portions and within 5–10% in the leucocratic
portions. Orthopyroxene (10–15%) is mainly accumu-
lated in the melanocratic bands and lenses. Opx occurs
as an accessory mineral in other parts of the rock. How-
ever, both forms of Opx lack mineral inclusions. Some
large Opx grains are rimmed by Bt flakes. Secondary
minerals are nearly absent.
The garnet–clinopyroxene crystalline schist (sample
Lap-34) is a medium-grained dark green rock with a
lenticular-banded structure and porphyritic heterogra-
noblastic texture. The rock is similar in appearance to
eclogite. However, the Cpx composition does not cor-
respond to omphacite. Its structure is defined by the
uneven distribution of Grt and leucocratic minerals.
Cpx is the major rock-forming mineral (up to 90%).
Garnet accounts for ~10%. Qtz and Pl account for no
more than 1–2%. Locally, Cpx decreases and gives way
to amphibole (up to 10–15%). Ilmenite, rutile, and zir-
con are accessory minerals. The Grt porphyroblasts are
unevenly distributed as intermittent chains, which are
aligned with Pl-rich lenses and bands. Scarce inclu-
sions in the Grt are typically small (up to 1 mm) Cpx,
which occasionally form chains marking the surface of
intergrown garnet grains in a porphyroblast. The repre-
sentative analyses of equilibrium Cpx, Grt, and Pl are
shown in Table 1. Occasionally, Grt contains Pl inclu-
sions (~0.5 mm). In the Hbl-rich domains, Grt contains
Hbl inclusions that are compositionally similar to the
groundmass hornblende. Hornblende is typically
absent or developed as thin (10–15 
 
µ
 
m) interrupted
rims around clinopyroxene. Only locally, Hbl occurs as
small xenomorphic grains up to 0.2 mm across. Elon-
gated grains with convoluted boundaries are less com-
mon. Xenomorphic Pl grains (up to 0.2–0.3 mm across)
more often occur as a rim in the Cpx-rich granoblastic
matrix. The larger (up to 0.5 mm) equant Pl grains form
lenticular aggregates from 1 
 
×
 
 10 to 1 
 
×
 
 15 mm in size.
The garnet has a constant grossular mole fraction
( ) = 0.28), while the Mg index, 
 
X
 
Mg
 
 = Mg/(Mg + Fe)
decreases by 10 mol % from the core to the rims. Cpx
lacks inclusions and occurs as two morphological
types. The predominant type is represented by xeno-
morphic subequant or slightly elongated polygonal
grains up to 0.5–0.7 
 
µ
 
m across. The second type is rep-
resented by large (up to 5 
 
×
 
 4 mm across) weakly
XCa
Grt
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resorbed grains. The mineral mainly consists of diop-
side (63–72 mol %) and hedenbergite (10–20 mol %)
end members. Aegirine accounts for up to 10 mol %,
while Ca- and Mg-Tschermak molecules account for
up to 12 and 6 mol %, respectively. The jadeite content
is no more than 2–3 mol %. Variations of  in dif-
ferent parts of the Cpx grains are as much as 10 mol %.
Compositional variations of individual Cpx and Grt are
similar. However, in Cpx of the matrix,  decreases
toward the rim, while the Al mole fraction remains con-
stant. Cpx inclusions in Grt show an opposite trend. At
the contact with Grt, the diopside content 
 
N
 
Mg
 
 is typical
of matrix grains, while the Al content insignificantly
XMg
Cpx
XMg
Cpx
 
decreases. Cpx in the matrix and Grt-hosted inclusions
are similar in Al content (0.18–0.33 f.u. based on 6 oxy-
gen atoms), but they differ in the Na content. In partic-
ular, Cpx in the matrix has the highest Al content in the
core (0.1 f.u. based on 6 oxygen atoms), while Na con-
tent decreases in the rims up to 0.07–0.03 f.u. The Na
content in Cpx from Grt is 0.06 f.u. In the Cpx from the
matrix, Na shows a positive correlation with Fe
 
3+
 
 (aegir-
ine), while Al positively correlates with Ca (Ca-Tscher-
mak molecule). Aegirine also shows positive correla-
tion with the Ca-Tschermak molecule. Plagioclase cor-
responds to 
 
An
 
73
 
Ab
 
27
 
 with no K and anthiperthite. The
representative compositions of the minerals are shown
in Table 1.
 
Table 1. 
 
 Compositions of minerals from the Pl-bearing garnet–clinopyroxene schist (sample Lap-34), Tana Belt, southern
contact of the Lapland granulite belt, the Kola Peninsula
Component
Garnet Clinopyroxene Plagioclase
core contact with matrix Cpx
Matrix grains Inclusions in Grt contact with 
Cpx and Grt 
of the matrixcore contact with Grt core rim
0895 0872 0892 0881 0891 0876 0875 0871
SiO
 
2
 
40.11 39.25 49.99 52.33 50.99 50.25 50.50 50.21 
TiO
 
2
 
0.10 0.00 0.28 0.22 0.43 0.56 0.34 0.00 
Al
 
2
 
O
 
3
 
21.86 22.04 7.42 4.24 6.29 7.23 6.20 31.91 
Cr
 
2
 
O
 
3
 
0.33 0.04 0.28 0.11 0.17 0.26 0.38 0.00 
FeO 18.63 20.96 6.65 5.50 6.52 6.84 6.60 0.14 
MnO 0.46 0.66 0.08 0.00 0.00 0.10 0.00 0.00 
MgO 8.92 6.76 12.10 13.63 12.56 11.87 12.84 0.00 
CaO 9.60 10.16 21.68 22.87 22.59 21.89 22.18 14.70 
Na
 
2
 
O 0.00 0.08 1.39 0.83 0.42 0.84 0.91 2.95 
K
 
2
 
O 0.00 0.01 0.05 0.00 0.03 0.00 0.06 0.08 
Crystallochemical formula
Si 3.02 3.01 1.83 1.92 1.88 1.85 1.85 2.29 
Al 1.94 1.99 0.32 0.18 0.27 0.31 0.27 
Al
 
IV
 
0.00 0.00 0.17 0.08 0.12 0.15 0.15 1.71 
Al
 
VI
 
1.94 1.99 0.15 0.11 0.15 0.17 0.12 
Cr 0.02 0.00 0.00 0.00 0.00 0.00 0.01 0.00 
Ti 0.01 0.00 0.01 0.01 0.01 0.02 0.01 0.00 
Fe
 
3+
 
0.03 0.01 0.11 0.03 0.00 0.04 0.08 
0.01
 
Fe
 
2+
 
1.14 1.33 0.10 0.14 0.20 0.18 0.12 
Mn 0.03 0.04 0.00 0.00 0.00 0.00 0.00 0.00 
Mg 1.00 0.77 0.66 0.75 0.69 0.65 0.70 0.00 
Ca 0.78 0.83 0.85 0.90 0.89 0.87 0.87 0.72 
Na 0.00 0.01 0.10 0.06 0.03 0.06 0.06 0.26 
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
O 12.00 12.00 6.00 6.00 6.00 6.00 6.00 8.00 
 
X
 
Mg
 
0.46 0.36 0.87 0.84 0.77 0.79 0.85 –
 
X
 
Ca
 
0.26 0.28 – – – – – 0.73
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Mineral zoning in sample Lap-34 (Table 1) was
used to determine the minimum and maximum peak 
 
PT
 
conditions of local equilibrium. The temperatures were
calculated using a Grt–Cpx thermometer [8]. Since the
jadeite component in Cpx is insignificant, the pressure
was calculated from the Cpx–Grt–Pl–Qtz barometer
according to [9]. The peak 
 
PT
 
 metamorphic conditions
were determined from the compositions of mineral
cores, while the minimum 
 
PT
 
 parameters were
obtained from compositions of the adjacent Grt and
Cpx, because plagioclase occurs both in the matrix and
as inclusions in garnets. Since there are no direct con-
tacts of Grt and Cpx with plagioclase and quartz, the
pressure was calculated only for the local rock portions.
The calculated maximum values 
 
T 
 
= 865 
 
±
 
 30
 
°
 
C and
 
P
 
 = 11.5 
 
±
 
 1 kbar correspond to the metamorphic peak
[10], while the minimum values 
 
T
 
 = 615 
 
±
 
 20
 
°
 
C and
 
P
 
 = 6.3 
 
±
 
 1 kbar correspond to the emplacement of the
rock complex at the middle crustal level. It is notewor-
thy that, like the Lapland Granulite Complex (LGC),
the studied assemblage does not yield lower 
 
PT
 
 exhu-
mation parameters. Figure 1 demonstrates the 
 
PT
 
 path
for the studied sample (path
 
 4
 
). The path coincides with
the exhumation path of the metamafic rocks of LGC
[10]. The calculated 
 
P–T
 
 values are atypical of the
rocks of the Tana Belt, i.e., garnet amphibolites of the
Kandalaksha Group (Fig. 1, path 
 
2
 
) and associated
mica schists of the Korva Tundra Group (path 
 
3
 
), but
they completely correspond to the formation conditions
of the granulites of the Lapland Complex (path
 
 1
 
).
Hence, the isotope age of the studied rocks should
match the age of the Lapland granulites.
To solve this problem, zircons were separated from
both samples. Their ages were determined on a mass
spectrometer using standard techniques [5, 11]. The
results are shown in Table 2 and Fig. 2. Obtained data
fall within the range typical of the main evolutionary
stages of the LGC.
The obtained metamorphic parameters and isotope
data indicate that the studied samples were formed and
exhumed simultaneously with the LGC rocks. This also
implies that the garnet amphibolites, typically ascribed
to the Kandalaksha Group of the Tana Belt, represent
the near-contact zone of the LGC, which was partially
affected by schistosity and blastesis at the middle
crustal level. At the immediate contact with the host
rocks, they form a melange and ascend as relatively rare
blocks and boudins among two-mica schists. Accord-
ing to this scenario, the southern boundary of the LGC
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Fig. 1.
 
 
 
PT
 
 path of the metamorphic evolution of the granu-
lites of the Lapland Complex (
 
1 
 
and 
 
2
 
) and mica schists of
the Tana Belt (
 
3
 
). 
 
1
 
 and 
 
2
 
 are taken from [2, 6, 10]; 
 
3
 
, from
[1], and 
 
4
 
, our data.
 
Table 2. 
 
 U–Pb age of zircons from metabasalts Lap-9 and Lap-34 (Fig. 1) from the Tana Belt
Sample 
no.
Weight 
(mg)
U,
ppm
Pb*, 
ppm
Pb
 
total
 
,
ppm
 
±
 
2
 
s
 
, %
 
±
 
2
 
s
 
, %
 
±
 
2
 
s
 
, %
LAP-34 2.50 2061.9 0.0612 45.92 16.41 16.83 0.1174 0.2961 5.70315 0.5561 0.352279 0.4466
LAP-09 2.18 2172 0.3558 54.25 24.43 24.91 0.1169 0.1859 5.71945 0.3019 0.354815 0.2203
Pb
206
Pb
204
----------- Pb
208
Pb
206
----------- Pb
207
Pb
206
----------- Pb
207
U
235
----------- Pb
206
U
238
-----------
 
0.42
0.38
0.36
0.34
0.30
0.26
3 4 5 6 7 8 9
 
207
 
Pb/
 
235
 
U
 
206
 
Pb/
 
238
 
U
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Intercept at 
 
1911 ± 14 å‡
(MSWD = 5.1)
 
Fig. 2.
 
 U–Pb concordia diagram for the studied samples
(see Table 2).
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should be placed along the northern boundary of the
Korva Tundra Group rather than along the Yavr River,
as was proposed in [1]. This interpretation solves the
problem of determining the exact geological position of
two-mica schists and is consistent with the model of
their evolution at the contact with LGC [1]. Conse-
quently, garnet amphibolites of the Kandalaksha Group
were strongly deformed by the upward displacement of
the southern contact of the LGC at ~12°. However, they
were not overprinted by low-grade metamorphism. If
this conclusion is valid for other parts of the southern
contact of the LGC with the Karelian Craton, it will be
evident that the Tana Belt evolved not only as a tectonic
boundary between the Karelian Craton and the Lapland
granulite complex, but also spanned both these large
geological structures [12].
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